This special issue contains a mixture of novel research papers on CNFs, CNCs and bacterial cellulose, as well as review papers focusing on topical issues for industrial applications of nanocellulose. As a result, we envision that it will be of interest not only to the existing nanocellulose community, but also to potential end users and scientists not yet familiar with nanocellulose.
Interest in nanocellulose research has increased dramatically during recent years, though the materials themselves are not new. The first paper on colloidal cellulose, now called cellulose nanocrystals (CNCs), was published by Rånby in 1949 (Rånby, 1949 , and in 1983, Turbak published the first paper on mechanical disintegration of cellulose fibers into microfibrillated cellulose (Turbak et al. 1983) . Despite these early publications, research into these materials did not become popular until the early 2000's.
The main reason for this renewed interest was likely societal. The rise of digital technology negatively impacted the market for paper in Europe and North America such that the forest products industry was forced to rethink and find new products to sell. The same was true for the research institutes; it became increasingly difficult to get financing for research on "classical" papermaking. Along with the societal need to find novel uses for wood, a key reason for the renewed interest in cellulose nanofibrils (CNFs) was the development of chemical (Saito et al. 2007 , Wågberg et al. 2008 ) and enzymatic (Pääkkö et al. 2007 ) pretreatments that substantially decreased the energy consumption during production, and attracted industrial attention. Interest in CNCs took off after the pioneering work by Derek Gray and his co-workers (see e.g. Revol et al. 1992 Revol et al. , 1994 for which Professor Gray was awarded the 2013 Marcus Wallenberg Prize. New CNC research was also driven by industrial interest and subsequent success in scaling up the production of this unique nanomaterial, which had previously been primarily an academic curiosity. Applications Currently, interest in all forms of nanocellulose (bacterial cellulose, CNCs and CNFs) continues to grow due to the exciting properties of these materials along with the diversity of potential applications which have been proposed. Both "nano-enhanced" and completely new "nano-enabled" products have been envisioned ranging from bulk applications like rheological modifiers, composite reinforcement or paper additives, to high-end applications such as tissue engineering, drug delivery and functional materials. In this special issue, some of these applications are addressed. Brodin et al. (2014) discuss the possibilities and challenges of using CNFs as paper additives and coating materials while Korhonen and Laine (2014) consider the use of various CNF grades for flocculation and retention of fillers. A concise review of nanocellulose for drug delivery is presented by Plackett et al. (2014) , and suggests wound dressings with controlled drug release as a logical first application. Their review also addresses the need for further in vivo studies in order to fully understand the biomedical potential of nanocellulose. In terms of composite reinforcement, Goodsell et al. (2014) develop a hierarchical analytical model to predict the strengthening potential of nanocellulose in a matrix and two specific composites are investigated; CNC-reinforced hydrogels (Atifi et al. 2014) , and CNF-reinforced thermoplastic starch biofilms (Karimi et al. 2014 ). In the lone paper dealing with bacterial cellulose, Bizot and Cathala (2014) suggest a new method to obtain highly oriented ribbons of bacterial cellulose nanocrystals using an isomalt sacrificial template. Energy consumption of the production process Despite the vast application possibilities for nanocellulose, one key issue for large scale production, particularly for CNFs, remains in reducing the energy consumption of the fibrillation process. It has been shown that introducing surface charge by chemical pretreatment considerably decreases the energy consumption during preparation (Saito et al. 2007 , Wågberg et al. 2008 . But can the fibrillation efficiency be affected by the choice of raw material? In an earlier paper by Pääkkö et al. (2007) , hemicellulose rich sulfite pulp was chosen as the raw material for CNFs, but the effect of the raw material was not explicitly discussed. In this issue, Fall et al. (2014) compare eucalyptus, acacia and pine fibers and conclude that the raw material does affect the fibrillation efficiency, but that the charge density of the pulp remains the most important factor. From this perspective, it is also interesting to note that storage may affect the surface charge density of nanocelluloses, as addressed by Beck et al. (2014) . Reducing the overall energy consumption of CNF production can also be done by using waste materials, like wheat straw and recycled newspaper, as raw material, which is proposed by Josset et al. (2014) . Compatibility Major challenges in using nanocellulose in commercial products include the ability to disperse the nanoparticles in various materials (both liquids and solids), and how to characterize the base materials and new products. Surface functionalization offers one solution to the issue of compatibility, and various routes are described in the literature. In this issue, three new approaches are presented. Abitbol et al. (2014) demonstrate a straightforward surface modification of CNCs with surfactant to increase the nanoparticle's hydrophobicity, Atifi et al. (2014) attach crosslinking groups to CNCs to tailor mechanical properties of CNC hydrogels, and Tian et al. (2014) optimize the grafting of poly(ε-caprolactone) to CNCs using a surface response methodology. Changes in the surface chemistry of CNFs from different raw materials are examined by Tsuboi et al. (2014) . They study CNF behavior in different media using materials derived by aqueous counter collision from bamboo and hardwood. Furthermore, the solvation structure and interactions of native and modified CNCs in liquid media are modelled by Stoyanov et al. (2014) , who highlight how to choose the best surface functionalization for a given material system. An alternate approach to dispersing nanocellulose in a matrix is to layer it with other materials of interest; a comprehensive review of polyelectrolyte multilayer films with CNCs and CNFs is provided by Martin and Jean (2014) . Characterization Improving the characterization of nanocellulose materials is critical to commercialization. Currently, strong efforts to standardize terminology and test methods for nanocellulose are being undertaken by ISO, TAPPI, and the Canadian Standards Association. In scientific papers, high resolution transmission or scanning electron microscopy and atomic force microscopy are commonly used to characterize nanocellulose dimensions. However, these techniques are expensive, and obtaining statistically relevant size distributions is challenging. Kangas et al. (2014) discuss the characterization of CNFs, focusing on simple alternatives to high resolution microscopy, while Fraschini et al. (2014) critically compare light scattering and microscopy techniques for determining CNC length and aspect ratio. They also offer advice on choosing the best "online" particle size monitoring method, and stress that electron microscopy is not trouble-free and misinterpretation may occur if samples are not handled with care. To help in this regard, Kaushik et al. (2014) propose that the best way to prepare artefact-free CNC specimens for transmission electron microscopy analysis is to deposit CNCs from acidic solution onto hydrophilic grids and avoid the use of contrast stains. 
